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(54) Compressor piston 

(57) A coat layer formed on the outer perimeter side 
surface of a piston comprises a f luorocarbon resin and 
a binder as main components, and further contains 
0.05-12% by volume of a wear resistance additive with 
a Mohs hardness of 2.0-5.0. This provides a piston 
compressor piston having a coat layer with excellent 
wear resistance. 
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Description 

BACKGROUND OF THE INVENTION 



5 1 Field of the Invention 



[0001] 

system. 



to 2. Description of the Related Art 



75 
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2. uescnpiiuii ui w» ■ '™* 

t0 002, Piston lessors are one type of compressor j«« .In 2£S2E££ l^ton 
Ssuoh compressors are constructed wi* .no 
directly contects the inner perim^^ 

essary to guarantee sliding propert.es. seal ^ e ^*™XbTe since no piston ring is provided, 
of theWon and the inner perimeter side surface ol ^e ^ 



is not always satisfactory. 
25 BRIEF SUMMARY OF THE INVENTION 
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tinier ouivnvi™ . . w 

[0M5] -presentinventionhasbe.^ 

prSdon^ 

at^Opartebyweigmper^ 

live wfth a Mohs hardness in a range of 2.0-5.0 at u.uo . * * , 

BRIEF DESCRIPTION OF THE SEVERAL ViEWS OF THE DRAWING 



[0007] 

Fig. 1 is a longitudinal cross-sectional view of a compressor 
Fia 2 is a perspective view of a piston. 
Fiq 3 is a schematic view of a roll coating apparatus 
. _. : r/iintinnchio between IV 



45 



50 



55 



DETAILED DESCRIPTION OF THE INVENTION 
[0003] ^.ayerp^edc^^^ 

s formed by coating the outer perimeter s.de surface * • g^J^S. ^00 parts by weight of a binder, and a 
dissolving in an organic solvent 1 00 parts by <r^±%Swo«0<*r™ by volume based on the f luorocar- 
wear resistance addit^e with a Mohs hardness m J^^ 2 ^^ ^ coat layer may also conta^nother 
bon resin, and then removing the organ.c solvent ^ 

compressor, but it is usually 20-60 um. jno jc substance or inorganic <*"P°" nd 

[0010] The wear resistance addifve used for the > .mentor , .s a m . ^ ^ me cQat |ayef 

with a Mohs hardness in the range of 2. 0-5^and ^£KlKE^ «**■"»■ ■ *• M ° hS J?* , 
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over 5, it will tend to scratch the sliding surface in contact with the coat layer surface. 

[001 1 ] The wear resistance additive having a Mohs hardness within the above-mentioned range is used in the coat 
layer in a range of 0.05-12% by volume based on the fluorocarbon resin content. Below this range, the wear resistance 
is inadequately exhibited, while at above this range it will tend to scratch the sliding surface in contact with the coat layer 
surface. From the standpoint of wear resistance, the Mohs hardness of the wear resistance additive is more preferably 
in the range of 2.5-4.5, and even more preferably 3.0-4.0. The Mohs hardness is a characteristic value inherent in each 
wear resistance additive. According to the invention, the wear resistance additive used is a mineral, inorganic sub- 
stance or inorganic compound with a Mohs hardness in this range, which has been processed by crushing or the like 
to the form described above (powder, fine particles, etc.). 

[001 2] The wear resistance additive used usually has a mean particle size of no greater than 10 urn. If the mean 
particle size exceeds 1 0 jim, it may not be possible to achieve a smooth coated surface and the practical utility may thus 
be reduced. 

[001 3] As specific wear resistance additives there may be mentioned calcium fluoride, zinc oxide, mica, aluminum 
hydroxide, boron nitride, calcium carbonate, calcium triphosphate, barium sulfate and the like, but there is no limitation 
to these. 

[001 4] Wear resistance additives with solid lubricating properties are preferably selected. An example that may be 
mentioned is calcium fluoride. 

[0015] As fluorocarbon resins there may be mentioned PTFE (polytetrafluoroethylene), ETFE (ethylenetetrafluor- 
oethylene) and FEP (tetraf luoroethylene-hexafluoropropylene copolymer), but there is no limitation to these. The fluor- 
ocarbon resin used for the invention is usually in the form of a powder or a powdery substance. Such fluorocarbon 
resins are widely available, and for example, polytetrafluoroethylene is commercially available under the trade names 
Hostaflon TF (Hoechst Industries, Inc.) and Cephral Loop (Central Glass Co., Ltd.). The binder used is usually a ther- 
mosetting resin with high heat resistance. As examples there may be mentioned polyamide-imide resins, polyamide 
resins, epoxy resins, phenol resins and the like, but there is no limitation to these. 

[001 6] In most cases, these resins are sold in a form diluted with a solvent, and such commercial products may also 
be applied for the present invention. When such solvent-diluted products are applied for the invention, the solid portion 
(resin component) serves as the binder for the invention. For example, polyamide-imide resins are sold under the trade 
name of the HPC Series (Hitachi Chemical Co., Ltd.). 

[0017] The proportion of the solvent in the coating solution is not especially restricted so long as it is sufficient to 
uniformly disperse or dissolve the binder, fluorocarbon resin and wear resistance additive, to produce a condition suit- 
able for application and other operations. The amount of solvent used may be selected as desired, although the solvent 
is usually used at about 100 parts by weight per 100 parts of the total weight of the other components. 
[0018] According to the invention of claim 1 , it is possible to improve the wear resistance of the coat layer with a 
wear resistance additive. Fig. 4 shows the results obtained when coat layers containing a wear resistance additive were 
formed on pistons, and the abrasion wear of the coat layers was measured after operating piston compressors with the 
pistons under specific conditions. The coat layers containing wear resistance additives with Mohs hardnesses of 2.0- 
5.0 have less abrasion wear and more excellent wear resistance compared to a coat layer without the aforementioned 
abrasion resistance additive. In contrast, when the coat layer contains the wear resistance additive with a Mohs hard- 
ness value below the range prescribed above, the wear resistance is notably reduced. Conversely, when the Mohs 
hardness value exceeds the aforementioned range, greater wear occurs on the inner perimeter side surface of the cyl- 
inder bore in contact with the coat layer. 

[001 9] According to the invention of claim 2, the improvement in wear resistance is satisfactory. 

[0020] According to the invention of claim 3, the improvement in wear resistance is even more satisfactory. 

[0021] According to the invention of claim 4, the wear resistance is most satisfactory. 

[0022] According to the invention of claim 5, the solid lubricating property of the additive reduces the sliding resist- 
ance on the piston, thus allowing satisfactory sliding properties. 

[0023] According to the invention of claim 6, the use of calcium fluoride, which exhibits a high level of both Mohs 
hardness and solid lubricating property, can provide very suitable wear resistance and sliding properties. 
[0024] According to the invention of claim 7, the effect of claim 6 can be more satisfactorily maintained. 
[0025] Concrete embodiments of the invention will now be explained. 

[0026] Figs. 1 to 3 show concrete embodiments of the double-head piston of a double-head piston compressor, 
according to the invention. 

[0027] Center housings 1 1 , 1 2 are fixed together, and a front housing 1 3 and rear housing 1 4 are fixed in front and 
behind via separate valve plates 1 5, 1 6. The center housings 1 1 , 1 2 and the front housing 1 3 and rear housing 1 4 are 
made of an aluminum alloy. A driving shaft 18 is supported in a rotatable manner between the two center housings 1 1 , 
12 via a radial bearing 17. A swash plate 19 is fixed at the middle section of the driving shaft 18, and the swash plate 
19 is supported on the front housing 13 and rear housing 14 by thrust bearings 20. 

[0028] On the front housing 1 3 and rear housing 1 4 there are formed a series of cylinder bores 21 at equal spacing 
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and rear opposing cylinder bores 21 in a manner ™T*™*™£^ 22 is made of an aluminum alloy. 
pSe 19 isinked to an intermediate section thereof *a ^3. The p^o ^ 
f 00 29] When the driving shaft 1 1 is rotated, the ^ ^ int0 the cylinder bore 21 through 

Station causes the piston 22 to ^ ^ S^nSed to an externa. J* 
a suction port 25 and a suct.cn valve 26 from a suction £am ^ zg through g d , scharge ^ and 

shown). The refrigerant gas is compressed land d, ^ 9 e f^ 

TTL e valve 28, and sent from the d.scharge chamber 29 » « jron foundry produ ct .n the 

SS Regarding the structure of the pistor , 22, as into the cylinder bore 21 at the 
overa shape of a cylinder. The piston 22 has on £ * <2J*J^ ^ 21 a , tne rea r. An recess 32 ,s formed by 
front, while the other c^nca. ^j££££gl jSoe seat 33 funcBoning as a reefer to recede the 
removing a part near the center section between both 33. 

shoe 23 is formed in this recess 32. The shoe is recewea ni formed gs a coating a few dozen 

?0031 1 A coat layer 35 composed mainly of a f '"^J 0 "^ ^ sliding sect ions for the cylinder bore 21 . 
Ehickness on the outer perimeter side surfaces * both heads 3^as he « between ^ ^ 

ItTs thereby possible to ensure seal propert.es I ow-f notion ^*"J ^ c ^ jnder bore 21. 

El The weight ratio of the fluorocarbon res.n and the b.nder » ^ 0«J» |cium f luoride with a mean par- 
K^erSo^byw.gmofthef.o^ 

the olrSmeter portion is immersed in the coating ^^^^SaSd in contact with the metal roll 53 a 
^ed Pe spacingSom the metal 

work holder 56 that holds a piston 22 «n a ^^"^ djrections of m r respective arrows, 
rotates the work holder 56 and each of the roUs 53 55 in me 22 the coat,ng matenal C 

r00341 When the driving mechanism .s actuated 0 ro ^®™ r ° d * ^ 0 , the metal roll 53 in the d.recton of .ts 
KmatenTpan 52 continuously adheres to the °^^^tX metal roll 53 hasbeen modified Iby the 

efficiency of the compressor to be maintain*!. o{ |eas , 0 os% by volume based on the 

5)038] Acceding to the invention, a m.x.ng «t.o fo f the calc.um aforementioned embod.ment the 

« SL*on resin will allow its properties to be e**^'" which a.lows the properties of the ca. 

45 Slcium fluoride is present at 0.1 % ^"^^^^JoWties and wear resistance. If kj^ 
cium fluoride to be exhibited to ensure the above ^^iorocibon resin, the relative proportion of the f toocar 
of the calcium fluoride exceeds 12% by volume based orr me ' u ° r ^ . t of ^ e slid ing properties, etc. 
Sn and binder in the coat layer will be reduced wh ch • jJ^JlS 35 is. in terms of weight, in the range of 

50 fS Tneproportionof the fluorocarbon J£K ™a«*> n resin, thus guaranteeing a balance 

50 parts by weight of the binder per 100 parts by weight oT^e fluo oca ^ proporton 

be^te^e^^ 

lower the adhesive strength of the coat layer 35 wtf uespec t to 1 £ sM prope rt.es w.ll be reduced. 

51 »at is if the f luorocaroon resin proportion .s lower. ^ wearres.sB fo 

w So ^e present invention is not limited ^.J^^i^S^ hydroxide or the like, is used 
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[0042] A substance with a different Mohs hardness is used as the wear resistance additive. For example, a sub- 
stance with a Mohs hardness in the range of 2.5-4.5, or a substance with a Mohs hardness in the range of 3.0-4.0, is 
used. This still provides the effect of the embodiments described above. Naturally, this will still apply to cases where 
substances with different Mohs hardnesses are combined. 

5 

Reference Example 1 

[0043] A coating solution was prepared comprising a f luorocarbon resin, a binder and calcium fluoride, and this was 
coated onto a substrate (the "disk" described below) and calcined at 180°C for 90 minutes, after which the wear resist- 
10 ance was measured by the test method described below. 

Coating solution composition 

[1] Fluorine resin 

75 

[0044] 

Polytetrafluoroethylene powder 

(mean particle size: 4 urn, bulkdensity: 280 ±80 g/L, production method: emulsion polymerization): 100 pts. by wt. 

20 

[2] Binder 
[0045] 

25 Polyamide-imide: HPC-5000 by Hitachi Chemical Co.. Ltd. 
160 pts. by wt. (as solid content) 

[3] Solvent 

30 [0046] 

N-methylpyrrolidone 340 pts. by wt. 
Xylene 30 pts. by wt. 

35 [4] Calcium fluoride (mean particle size: 3 urn, Mohs hardness: 4.0) 

[0047] The relationship between the amount of addition (volume percent based on fluorocarbon resin) and the 
degree of wear was as follows. 



Calcium fluoride (vol%): 


0 


0.05 


0.3 


1.0 


3.0 


5.0 


8.0 


12.0 


15.0 


Wear (urn) 


10 


2.0 


1.0 


0.5 


0 


0.5 


1.0 


2.0 


8.0 



45 

[0048] Measurement method and conditions: The degree of wear was measured by pressure welding at 4 kg a ring 
onto a disk having a coat layer with a thickness of 30 jim and determining the wear depth of the coat layer after oilless 
rotation at 500 rpm for 20 hours. 

so Reference Example 2 

[0049] A coat layer was formed in the same manner as Reference Example 1 except that the following wear resist- 
ance additives were used at 0.3% by volume instead of the 0.3% by volume of calcium fluoride in Reference Example 
1; the degree of wear of the coat layer was measured in the same manner as Reference Example 1. The results are 
55 shown below together with the results for the 0.3% by volume of calcium fluoride. 
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[0050] Col &ye* (**».: *»? » ^>5°^ ! ?2£^1SS^^ 

25 results shown below (Fig. 4). 

Compressor: double-head swash plate piston compressor 

Refrigerant/oil: R134/PAG 

Rotation rate. 700 rpm 
30 Operating time: 100 H 
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Wear resistance additive (0.3 vol%) 



. Graphite (hexagonal) 



• Mica (monoclinical) 



. Calcium fluoride (cubic) 



. Calcium tertiary phosphate (amorphous) 



Mohs hardness 
V5 



2.5 



4.0 



5.0 



13 



[0052] As demonstrated by these embod^entejhe f P^™ tiveis contained at 0.05-l2%by volumebased 
0053 Acco^ingtotheirwentiondcla.ml>ewearr» 

and the wear resistance is thus further Improved. with a M ohs hardness ot 4.0 is used, for 
[0056] According to the invention of claim 4, a wear resisia 

maximum satisfactory wear resistance. gs ^ wear resistance additive, making it pos- 
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ing properties. 

[0059] According to the invention of claim 7, the mean particle size of the calcium fluoride is no greater than 1 0 urn, 
so that the effect of claim 6 can be satisfactorily maintained. 

Claims 

1 . A piston compressor piston having a coat layer provided on the outer perimeter side surface of the piston, which 
coat layer comprises a fluorocarbon resin and a binder at 50-400 parts by weight per 100 parts by weight of the 
fluorocarbon resin, and further contains a wear resistance additive with a Mohs hardness in a range of 2.0-5.0 at 
0.05-12% by volume based the fluorocarbon resin. 

2. A piston compressor piston according to claim 1 , wherein the Mohs hardness of the wear resistance additive is in 
the range of 2.5-4.5. 

3. A piston compressor piston according to claim 1 , wherein the Mohs hardness of the wear resistance additive is in 
the range of 3.0-4.0. 

4. A piston compressor piston according to claim 1 , wherein the Mohs hardness of the wear resistance additive is 4.0. 

5. A piston compressor piston according to any one of claims 1 to 4, wherein the wear resistance additive has solid 
lubricating properties. 

6. A piston compressor piston according to any one of claims 1 to 5, wherein the wear resistance additive is calcium 
fluoride. 



7. 



A piston compressor piston according to any one of claims 1 to 6, wherein the wear resistance additive has a mean 
particle size of no greater than 10 urn. 
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Fig. A 




«0HS HARDNESS OF WEAR RESISTAKCE ADDITIVE 
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